The kinetics of the oxidation of xylenol orange tetrasodium salt by hydrogen peroxide was investigated in the presence of cationic surfactant (Ndodecylpyridinium chloride) & strongly basic media over the temperature range 20 -35 °C. The kinetics studies were carried out as a function of different variables like concentration, pH and temperature. The described reaction rate is greatly catalyzed by the presence of trace amount of Co(II) ions & followed pseudosecond-order with respect to dye concentration. Possible mechanism for the catalyzed and uncatalyzed reactions is proposed and found to be coincident with the experimental findings. The derived rate equation is in good agreement with the experimental observations. Thermodynamic parameters were also evaluated.
INTRODUCTION
Hydrogen peroxide has interesting biological properties and environmentally it is a friendly oxidant. It has been used for the oxidation of various organic compounds. [1 -3] Number of works is found in the literature in which hydrogen peroxide has been used as an oxidant for different dyes. [4 -7] It is one of the principal oxidizing agents used for the treatment of fabrics, paper, cosmetic products and industrial wastewater due to its low cost, simple handling, effectiveness in destroying the chromospheres and being a friendly alternative to chlorine. The oxidation of dyes has got much attraction since last few years. [8] [9] [10] This has been stimulated by environmental, commercial & social pressures, particularly environmental concerns over residual dyes present in wastewater streams and causing aesthetic pollution. Although, previous studies represent significant steps forward in generating empirical rules governing oxidation, further progress is required in developing the underlying science base.
Xylenol orange [3, 3' bis [N, N' -Di(carboxymethyl)-aminomethyl-Ocresolsulphone -phthalein tetrasodium salt] (XO), a heterocyclic species which belongs to the acidic class of dyes. This anionic dye, which is stable and water soluble with an absorption peak at 577 nm, was chosen as a representative species for this study.
A number of papers have been published on the oxidation of xylenol orange (reductive chromogenic agent) by various oxidizing agent. [11 -13] In previous work , oxidation of xylenol orange was carried out but detailed kinetics study like reaction mechanism, effect of surfactants and thermodynamic parameters were not studied. In proposed work Co(II) has been used as a catalyst but in previous work other ions were used as catalyst except Co(II) in the oxidation of xylenol orange by bromate.
The oxidation of xylenol orange is a very important redox reaction, as it has an environmental concern. It is a textile dye for industrial uses. Current environmental hazards with these dyes and their derivatives revolve around the carcinogenic potential. Different metal ions like copper (II), iron (II) and (III) etc. have been proved to enhance the decolorization of various dyes. [14, 15] In the present study different metal ions were tried to increase the catalytic rate of the oxidation of XO by hydrogen peroxide, among them Co(II) has an maximum ability. The effect of pH, temperature, concentration of reagents, foreign ions & surfactant were also elucidated. To enhance the scope of the present study thermodynamic parameters such as activation energy, enthalpy, entropy etc. were worked out & possible mechanism for the catalyzed and uncatalyzed reactions is proposed.
EXPERIMENTAL Equipment
Kinetic measurements were performed on a UV-visible spectrophotometer (Shimadzu, Japan 160 -A) at 577nm. The cell compartment of the spectrophotometer was equipped with a thermostatic controlled bath with a temperature stability of ±0.1 ºC. A digital Orion 710 pH meter was used for pH measurements with an accuracy of ±0.001.
Stock Solution
All chemicals used were of analytical reagent grade. Water soluble Xylenol orange 1 ´ 10 -3 M stock was prepared by accurately weighing 0.0766 gm and dissolving in 100 mL of distilled water. The stock was stable for a week and used to make 0. 
Kinetic Run
A dry pyrex 10 mL volumetric flask was used to collect 3 mL of H 2 O 2 ( 5 ´ 10 -3 M), 2 mL of 0.01M cationic surfactant (N-dodecylpyridinium chloride) and an appropriate amount of Co(II) standard solution. This mixture was kept in a water bath (30 ºC ) for five minutes. Finally 4.6 mL solution of xylenol orange tetra sodium salt (0.5 ´ 10 -4 M) was added to the same flask and buffer solution of pH 9.0 was added to acquire the predetermined volume. Absorbance of the reaction mixture was measured every 120 seconds at 577nm in 1-cm glass cells against a buffer reference. 
RESULTS AND DISCUSSION

Effect of Reaction Monitoring Time
Effect of pH
The investigated reaction was studied for 2 -10 pH range. It was observed that, proposed reaction proceeded only in alkaline pH. Therefore, the pH effect of catalyzed and uncatalyzed reaction was studied in the range of 8.00 to 10.00 . At 9.00 pH there was a maximum discrimination between the rate of catalyzed and uncatalyzed reactions ( Figure 3 ). [17] Thus, this pH was used in the procedure to provide high sensitivity and a low blank reading. 
uncatalyzed; catalyzed
Dynamics of Catalyzed Reaction
With a view to finding good metal catalysts for the title reaction, the effect of a wide range of cations monovalent, divalent and trivalent cations were investigated. Mg(II), Pb(II), Ce (III),Hg (II), Se (IV), Bi (III), Zn (II), Cu (II) have no effect on the reaction rate with [ 
Effect of Surfactant
It is well-established that, in many cases, the rate and pathways of all kinds of chemical reactions can be altered by performing the reactions in micellar media instead of pure bulk solvents. [18, 19] Micellar effects on the rate of chemical and biochemical processes can be quite varied, ranging from inhibition to activation [20] of anionic, cationic and non-ionic surfactants. [21 -26] These kinetic effects are generally explained in terms of the partition of the substrate between the aqueous and the micellar phase. Surfactants affect reaction rates by incorporating one or both of the reactants into the micellar aggregates. In order to choose an appropriate micellar system for the reaction, one must take into account the type of charge on the reactants, because the accelerating effect of micelles arises essentially from electrostatic and hydrophobic interactions between the reactants and micellar surface.
[27] SDS, Triton X-100 and N-dodecylpyridinium chloride are anionic, non-ionic and cationic surfactants respectively. Xylenol orange is negatively charged specie therefore, it is logical to consider that the cationic micelles could enhance the rate of the said reaction. The enhancement effect of cationic surfactant was observed on Co(II) -catalyzed reaction by the electrostatic interaction of the species involved in the reaction with the positively charged micellar surface. Due to the electrostatic attraction between the positively charged micellar surface and negatively charged XO involved in the reaction are effectively united and hence enhanced the collision frequency and in the result oxidation process became faster. Rate of catalyzed reaction in absence and presence of cationic surfactant was investigated and plots are shown in Figure 5 . 
A Straight Forward Graphical Method for Determining the Order of Reaction
To determine the order of reaction using integration method, reaction was allowed to cross its half-life under pseudo -order conditions. Integration method is probably the most widely used method of analyzing kinetic data by graphical means. [28] order kinetics with respect to dye concentration as shown in Figure 6 . A plot of k obs vs. varying initial concentration of hydrogen peroxide shows a parallel trend with concentration axis, illustrates zero order behavior. 
Mathematical Basis of Catalytic Method
Two facts must be considered for to develop mathematical relations valid for catalytic determinations :(i) the uncatalyzed reaction proceeds simultaneously with the catalyzed reaction, and (ii) the rate of the catalyzed reaction is proportional to the concentration of catalyst as a result of the catalytic cycle. [30] For the reaction (1) where R and B are reactants (R= monitored species), P and Y are products, and c is the catalyst, on the basis of the observations obtained by the kinetic runs following general expression can be written: (2) in which k u = the rate coefficient for the uncatalyzed reaction (plus some concentration terms), k c = the rate coefficient for the catalyzed reaction (plus some concentration terms), and [c] 0 = the initial concentration of catalyst in the system. Keeping in mind that the catalyzed reaction is much faster than the uncatalyzed one.
For catalytic cycle we can use simplified two -step reaction scheme shown below to develop mathematical relationships between catalytic rate and catalyst concentration
Another important practical requirement needed for successful application is that concentrations of reactants, other than the catalyst and the species whose change in concentration is monitored, must be kept as to make their effect on the rate pseudo-zero-order. The species whose change in concentration is being monitored is adjusted to second-order dependence (3) (4) This simplified mechanism for the catalytic cycle leads to two boundary conditions.
Pre -equilibrium condition
If k 1 << k -1 and k 2 << k 1 , the reaction represented by Eqn 4 becomes rate determining and we have the pre-equilibrium condition in Eqn 3: and pH 9.00
Temperature Effect
The activation energy for both the uncatalyzed and catalyzed reaction were studied by measuring the rate constants at different temperatures using the Arrhenius equation. Values of other parameters at 26 °C, namely the enthalpy, entropy and Gibb's free energy are calculated & summarized in Table 1 If the reaction step is bimolecular with two species forming an activated complex resembling a single species, there will be a decrease in entropy on activation. This is called an associative reaction. If reaction is unimolecular and the activated complex resembles an incipient two (or more) species, then an increase in entropy would result. This is termed a dissociative reaction. A reaction some where in between these two extremes is termed interchange, and the entropy is likely to be small. The values of Entropy for the proposed reaction as mentioned in Table 1 , are very small and with +ve sign. It interprets that; the proposed reaction may be interchange reaction. [29] ΔH ≠ reflects the effect of bond breaking and bond making in the process of activation. Again a distinction is possible between associative, dissociative and interchange mechanisms. Dissociative reactions have higher ΔH ≠ values than associative mechanisms. Interchange mechanisms, where synchronous bond breaking and bond forming occur, have values in between.
Calculated ΔH ≠ values are large or slight large, reveals that; reaction has interchange mechanism. All the thermodynamic parameters at 26 °C are in 
Both approximations (i.e. for equilibrium and for steady -state) arrive at the same result Eqn 13 and Eqn 18 provide the mathematical relation between catalyst and rate of reaction. The experimental evidence was obtained from different kinetics runs & illustrated in Figure 4 .
Mechanism of Proposed Catalyzed and Uncatalyzed Decolorization Reaction of XO with H 2 O 2
The decolorization kinetics of the xylenol orange tetra sodium salt with H 2 O 2 catalyzed by Co 2+ were investigated with the goal of determining a rate expression. The rate of decolorization was measured in a parameterization study, considering the dye, catalyst, the H 2 O 2 concentration. Initial results demonstrated that alone H 2 O 2 was not able to decolorize XO. Hydrogen peroxide is necessary for the production of OH
• radicals to initiate the decolorization of XO. Table 2 . • attack on a substrate present in the system (i.e., (Dye) 2 * and other intermediates). The out come of reaction 10 results in the generation of reactive product (P'-OH), which is responsible further two step reactions, like scavenging of OH
Mechanism : Uncatalyzed Reaction
• reaction 12. Catalyzed oxidation of XO by hydrogen peroxide is illustrated in Table 3 . Table 3 . Scheme of the proposed mechanism for catalyzed reaction.
CONCLUSION
Our results indicate the decolorization rate is pseudo-second order with respect to monitoring specie concentration i.e. dye, represented as "R" . Rate expression can be written as, It is concluded that (i) XO degradation with Co 2+ is due exclusively to OH
• attack, and (ii) this process is second order with respect to [XO] and zero order with respect to H 2 O 2 or its free radical (OH • ).
